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tion, or conveying any rights or permission to manufacture, use or 
sell any patented invention that may in any way be related thereto.” 
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ABSTRACT 
| Confidential, 
\y 
The radar equipment developed under Projeet 
Music i5 an electronic storage, crosscorretkation 
radar device used for determining the character- 
istics of phasc-cohcrent signal cnhancement in the 
presence of noise and backscatter. [is also used 
for long-range studies Gf the iunospherc and the char- 
acter of large-area returns, or backscatter. Sweep 
circuitry was developed for use in the storage system 
to provide a sufficient number of isolated storage 
elements to define completely the phase and fre- 
quency information contained in the i-f signal to be 
stored. Mcans of muonituring swevup registry, storage 
phase, and (requency fidelity were devcloped and 
incorporated, and a means of controlling storage -tube 
discharge factor was designed to allow single-copy 
operation. 


PROBLEM STATUS 
This isuninterim report on one Phas: of tue 
problem: work is continuing on this and other phases. 
AUTHORIZATION 
NRL Problem RO2- t7 


Project NR 412-000, Tusk NR 412-006 
MIPR 30-635-8-160-6136 


Manisiot: pt aub:atted August 31, lots, 
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CONTIDENTIAL 
PIRCUITS FOR THE OPERATION OF THE 
PROJECT MUSIC STORAGE SYSTEM 
i Unclassified Title } 
INTRODUCTION 


The electronic storage, crosscorrelation radar equipment developed under the require- 
ments of Project Music was desipned to be used as a research instrument. To this end, 
the Music radar system was designed to be flexible in its operation. The storage system 
for Project Music, which includes the storage-unit, darget-switching, and readout cir- 
cuitry, has been previously described.* The present report will delve into appended units 
of the storage system, such as the sweep guncrators supplying the waveforms used ta 
drive the Radechon storage-tube deflection plates, the Radechon and dual-monitor-scope 
unbianking and marker generator, a storage-tube discharge -factur cuntro! unit tu permit 
Single-copy operation, and a dual monitor incorporating a signal- monitor uscilloscope 
and a sweep-alignment- monitor oscilloscope. 


The input signal to the storage unit, taken from the i-f of a transmitter~monitor 
receiver, provides the copy of the transmitted rf burst which is stored at the Radechon 
storage unit (this stored signal is read out at a later time to cuincide With a received 
echo). Phase and frequency information must be faithfully reproduced, thus a high order 
of sweep stability and Hnearily and a high order of circuit stability in all other circuitry 
associated with the Radechon are required, 


OPERATION OF THE STORAGE SYSTEM 


Jn order to make adequate use of the sturage system, a number of assuciated units 
were designed and developed. These units and their interrelationships may be seen in 
ihe block diagram shown in Fig, 1. Of primary importance was the choice of a sweep to 
be used at the storage tubc. A sufficient number of isolated elements had to be provided 
to cefine fully the phas. and freyneacy information. contained ini a 400-Ke rf of 230- psec 
Curation. The Radvechon sturape tube available provided more than 100 iselated clements 
per sweep. Thus, a five-line sweep of 50 psee per line provided sufficient sturage ele- 
ments for the retention of the phase and frequency infurmation contained in the 250- usec, 
400-ke rf burst. The requirement of complete isolation between storage elements pre- 
cluded the possibility of crosstalk between elericnts, which would have degraded the 
Signal information. 


The five-line swecp could have been generated in two possible ways. The first type 
of five-line raster considered utulized interline flyback, and the sccond type used Jine-end 
turnaround. It was essential to preserve rvadout-signal amplitude during the transition 
period between lines, and this was possible only when the beam-scannirer Velocity was 
kept nearly constant during the cntire 250- psec sweep, which incluccd the interline 
transition period. The second type of five-line raster sweep fulfilled the requirements 
and was adopted. 


"C. L. Unsacke and G. K. Jensen, “The Storage Systems for Project Music,” NKL Report 
9338 (Corficential Report, Unclassified Tite}, August 3, 2959, 
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Of paramount poportance, then, in apy coarsideration of the storage and readuat of (he 
synabis the fall rétentoan of phase and frequency infospiadon, Of necersity, if is cquadhy 
IMpuirtant to generate a write sweep that as identicdh to the re ad sweep. Shight ton 
lao tithe Ss could die tpboyated, but the sweeps, write ied read hud tebe perfeet copies of 
earhether. op and sarc frequaoney and phase shilt wend te introduced. Sweep registra 
lion abe bastte be perf etin sib respects for cease a teuc repeouduetian of what was 
weyitte 

A sWeopoie rater Was developed whack pre Sided a step. sweep waveform for the 
veTtwd aweep Rath a broek arden Gfourstornity in din doratien aed amplitudes of the steps 
and oa Ragh order of rep ahatabiiv fram sweepta swoop. A secmil sweep gp crater wan 
oy }ope dadhioh preavub ia Peninpuhar ware form of oxe: Tent loeurily ana re proce 
eevbty berth hergveplab sweep. A Gomonmabien of flies) sec wave fori recultead in 
Wave shin Pasteg over gp mp clang abl Ube bogaiee ta nts, 


A -Weopetanster Gecillascepr, cb-siptvsd as lalpd a chia micaitee, ds csedhan Uh. 
Winvats obtain werrtesreseb sweeps, The Hab clos provid) = tee vieual) nears of dite omipine 
th scan decatiatent lhe tarpet, Sed Ser jieaah oe nisiiemb po cosei}laseoape cosa ner): Sity, 
Ate tensity, ise, hoa stone gecnitar oseaceega Gi te fee ou Sawtooth pom ratur Wa. 
teed Sto preeavid ane Ntrene dy near sawlouth waveferm for tio horizontal de flection 
~estem ab this Ineeater. “Phe 240- asec. d@U-ke rf stgnal borst fram steragy readout us 
uacd as the ve rticab dh th chron scemel: the re sadtng pro ventatian as ased for dcturmuining 
the phase relabtenstp and frequency of the transmilfer oxeder Ly Comparison with a 
400-n0 re fercnr: dp ge fey obtained Prem the radar system's nuistes 100-ke crystal 
ostilbitar and applied as uitensily modulation. Reference-frequency intensiks markers 
wre ajso usesiito Serudy the perfection with which phase and friqueney tiformation ts 
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One-shet pulse width is set quife narrow to allow as httle slope between steps as possible, 
in this case about 9 psec. The pentude shawn following the one-shot melfivibrator 
operates at cutoff, execpt when keved by a pulse, and capagiters Cl and C2 are discharged 
teu bias-dine leved set by R3 at (he plate of the chode-connected deuble trrode. The thyra- 
tron is adjusted by means of R2 to a prid-baas condition set just bolow cutoff, The -(T+R) 
vulses are amphfiodl, und the output of the amplifier i& differeniaiced. A positive pulse 
corresponding fo the teacup edges of the T and Ro pulses is then applied to the €hyrat yon 
yvrid causmur the thyratron te fri, Capacities Cl ami C2 aie then cnarped unrough a 
100-chm resistor ta approsimately Be level ina few nicroseronds. The next ence shot 
pulse causes Cl) and C2 to discharge to the level of the neat step. which rs determined by 
the time duration of the one-shot pulse and the time constants uf the discharving caret 
This step dischargimg process continues until the base line set by the diode clamp is 
reached, The total anagditude from first step to final sé pois determincud by the range from 
abit Be go the digde-clhamp level, and the wamber cf steps within this range os determine 
by the oue-shet pulse width, The steps are uniform, because the same tneremental charge 
Is removed from Ci and C2 at cach step. A cathod follower is ased to couple Une step 
wavefortn from the voltuge divider formed by Cl aud C2 to the low-impedance watput load. 


Since the anspkytuds timate of Che step waveform have heen carefully centradled, euch 
staircase Waveform is identical te the presieus one, cegardicss of the delay between the 
Tand R pulses. AS a Conscuyihes, BO SWecop-registry problems be tween Writes anil 
readout sweeps csist af the fladechon starage tube, 


If inert diformation as te by stared) roqGimni more chowents on the storage-tuln 
target, the design of the etep-sweep pomerator will allow aomeoch Larger number of lines 
to de asi in Ue sweop pate ri. deeuming donger capates: of Cho T and ft puiacs, 


SWeep- Mondor Gselescupn 


Vie sweep-monitor escillbiscepe (Fa. 6) ps a compte agit by itself, buf itis phys. 
Wally ureorporated tite ag cial amt wi the sapsal-nentter oscilloscan. whic will te 
tiscusecel sebs: quentive, Posh. pull defl clioi-piite apivers ar in farp draven by the 
lvianvular-swWeep Waveform far the horizontal sweepoand by the step sweep. as supphed 
to both the Hadechor ued the »wWerp-momtor oseibloscaope, for verug¢al deflection, Pulses 
ap fermcdoin psips, as previousty discussed, gre for the To portion of the Tef® pulse 
oT ved capes toot thye- We pwartiech. The R prbse fe rontineusly Vartuble si fimie im ite 
relafiohship te the To palse, and thus, le insure (rae scan retracing at the Hadechon, (he 
resulting two five-in scans shown on the oscilloscope, one for Toand ene for Ry may oe 
Viscally ove tigpped asang the system-limer rankge-Vaayving control, When Visual overlap 
isoatthaamed, th qastihy of sapna) outyut from readout is an assurance Unt acturate scan 
retyacing as taking place atte Riatechow Girgel Topot waveforms, synachronmdeed in tiie, 
de shown an Pip. 7. an expanded View in Fig. §, wad Ube resulting pre sentation of Che 
Dse-lDne swsepon swoop wWapoamest with overlayed write and read sweeps om Fig. 9, 


Sawtooth Ge peratur 


A suwtooth generator (Pig. LQ) as used ae the horizontal-sweep- waveform penerator 
for ine sapnal-inonitor escalloscope, Thoimay be seen Chel the sawtooth wave is pene rated 
twice during the -(T+R) pulse interval, once for To aad once for R. The length of the wave 
in both cases is 250 psee, Photoeraphs of the inpui and output waveforms are shown in 
Fig. 11. 
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The sawtac ‘) generator consists vf a switching pentode which draws its plate current 
through @ diode, a triede cathode follower te supply feedback valtage, and an output cathode 
follower. The T palse of the -{T+R) proup cuts off the peatade switch, which also opens 
the diode charging path, Cupaenor Ci (Fig. 10), having: previously been fully charped. 
now Joses charge through RQ, thus chargng C2 ia tare. Doragg the recovery period, ar 
duyonge the Cane following the return of the T pulse, the pentade conducis, The diuaic is 
alse condschng, and anc cm of Claus Rekd atthe supply level while Cl charges through 
the cathucde resistor af (he feedback cathodes follower, tie charging capacitor CZ whaciaugen 
rapid]y towne plate poteshin of the pentode, The resolling: sawtooth wave is used is the 
Inpul signal ta the feedback cathode follower, whuse output is fed to the divde end of 
resister RE. The vol&igc across RJ remains constant daring the charging cyelc, thus the 
sawWtcoth wave is extremely Dinear, This process is repeated for the R portion af fhe 
-(F-R) polse group. The second cathode fasewer is provided to drive a low-impedance 
load, 


Unilanking ond Marker Generator 


A schenitic diucramn ef tie unblanxing and marker peneratar to be used with the 
sipnal-ineritor oscillescape is shown in Fig. b2. In this instance, a 400-ke reference 
sipnal is aimphhed ina tuned amplifter stitge, Which alsa effectively removes any extra- 
neous modulghon from the sopnad, and then ds fed to the said of an adder stage, A crystal 
Clamp is emploved here to prevent coupling-conudenser back bias: a4 daal-diode champ is 
applied ta the signal ab vie coupting beiwecn stapes. These cliniping diodes art drivisi 
by tit prus and nunas R pulses and are biased in soch 2 way that the clamp percnits sognal 
flow to ie adder during the duration of the Ropulse. The -R pulse is fed to (he secene 
dd?’er prad, Whore itas crysha chaaped abd gated te samprove ws rise and fall time and to 
matin constant amphitade. The d00-ke gate? sipnal is added ta the R pulse, amplified, 
and phase iive ried in the output amphher. The amphfier also serves as a baw-imipedancs 
diver, Uhe cutput of which is positive te polarity. This gutput serves as the cuimbinat roi 
inieKeT od unbhinking pulse for the susal- monitor oscilloscope. The pedestal pates en 
the beam, and tho additsunal gaphitcde of the 400-ke sint-wave cycles furmsh cyele -tie- 
eyolo untonsaitv markers on the miap 400-ke storage-readout signal displayed an the 
sind = thanWer ceeiiascope, Waveform photographs for this amt are shawn ius Fires. i 
uid a4, 


Stored-Sigual- Murmtor Oscilloscope 


Tin store d-sigial mropydor rs a complete unit, as is the sweep monitor, but Hors 
incorporated aoa daal upst wath the swerp-pwoner oscilloscope, Push-pull horazontct 
def clien-plite drivers are driven by the sawtuoth wavedorm from the sawlooth generator. 
This sWeepas 2500 psec tang and of sufllerent length to dsplay the entire 400-6¢ sapnial as 
Gbtatued from the stort roudeot, Push-pull vertical deflection-plate drivers are driver 
bv the 4CO-he sapsal fron the storage-readout amplifier, Alibough both the Toaand R 
porhons of die sawtouth horizental swecp are fed tu the push-pull drivers, the use dlascape 
displays only the readout signal, sunpce Yee scope is upblanked only during (he Ro pulse 
interval, The +R urblanking pulse, as supplicd from the unblanking and marker peneralor 
previously discusecd bas the 400-ke reference sine-wave markers superimposed on it 
to intensify portions of the 400-ke readout signal, A cumpletc schenmtic diapram uf the 
Stored-signal moniter is shown in Fig. 15, and the horizontal, unblanking, and verted) 
waveforms and the resulting presentation arc shown im Figs. 16 and 17, respectively. 


CONFIDENTIAL 


10 NAVAL RESEARCH LABORATORY CONFIDENTIAL 


# 
a 
x) 
* 
MPO 
} t 
¢ 
~ 


: 
bs 
4 
3 
€ 91 
. be. fe >a 
: 
aes 
raw 
eS. 
o 
Ve 
S 
4 
age 
3 


oN kk ANY 


t ¢ wert, 
[ o 
sees Sate ea: 
ithe? < ett > cuts . 
7 r fs PY 1+ 4 
mas Genet: eee : - 
ho om, 
sai ‘A ae 
} 5 
-9- 


o 
~™ 
r 
PJ 
zx 
to 
=e 
= 
bad 
3 
” 
v 
= 


bs 5 i mss - 
S6?.> mt & ie Gah? 


a + “ Pd a r 1, : ; fe 3 
Cif 2 oS ae . Out one I * cod A e ers i z 3 
: : , : + . 
Sayf- . 7a 
: Def + p o ¢¢ e. ‘ s 
y a ee a. 7 
he —™ 
¢ + ¢ 
+A NPT r . «Sv Sv 
—e vite —_ —- - 


big. bo - Unviaiksic py aie rarer gent calor, scheiidlea did gr ds 


bsg, 12 - Unbianar:ugp anG marker 


* Bt ¢ 


generator, waveforin photograph 


| 
CONFIDENTIAL 


CONFIDENTIAL 


*t of 
- * PN we Panny 
"6 1 - “sl “wo 
ad aw 
7 7 \ * i Spf 


ea Tidy 4 


< 
¢ +- qh - wm CER EC TION 
‘ ‘ | a cut-y FL ATES CE 
4 aaa | ; t eb eS NAL Le ae 
. f ee A | <kR* 
Aw’ ae f-: ee 1 pa ' : 7S ~ Sie t 
-, 1, om — rs. * ao see ef. pai 
me 2 z aches ~ - 
. ~~ 
4 * ca . z sag ie 
- = , 
4 
ee > : 
¢ 6 ae 
2 ° A .0 te 
+ fr * 4 
a e® by eth 
¥ 2. y« ~ 
4 “ee 
: : * ee ae Lae 
: 3" + gt st 
ww : <* A 
aN Sa 1. “wf . oF E* 2S 
e “\ 4+ - bee RI 8s 
fF. tf ar) cohen floc: 
on so ee a a) Ve eT 
x2 fe . et 2, ae 
Bree Sat ge ait : : ‘ 7 
F oe ina we, 3 
- : \ at fen ¢ . rg 
ota a . 7 4 
ae * r3ag 6 - 
¢ ‘= ad 
73 i 
@ @-ee Ci" 
yt Sa BOTS 
ee 5 Ge 
ae Bias +> 


her bal 
O. 
. 


CONFIDENTIAL 


NAVAL RESEARCH LABORATORY 


trai eet 


Rete ration, 


Pept he act aes 


kK 
Waa vie fun s: 


I 
4 


é 


j $ 
+ 
, as = - 
- = i = 4 = ee i 
iy % “ 
s . uN x. 
s hg = ¢ 
: : roy td 
‘ 4 a as 4. 4 J 
' 
a . wh We nh 
a 
“Ene , ¢ 
ye, a: ox 
. 2 
“Me 
“ 
o 
de 5 ad "ane * 
¢ 
. NN MBina- 3p 1 
> "oe tia tae 
-_ Ate lb Wty” BE 
s 
a 
@ mint & ' 
oe . 
< oa 
¢ Ae are) 
< ee 
? at Ps " wr 
en Re 
eo a 
awe ® 
“a. 
tm Ne 


tMbs? Anam Mee, 


wt 


)* 2 Supesl-renstor one meGscove, SCheinatic diapear. 


Peheetepe gay iN ita re es er 


ie 


12 NAVAL RESEARCH LABORATORY CONFIDENTIAL 


Discharge-~ Factor Control Unit 


Radar operation of the Radechon storage tube required only a single copy of the storrd 
information, with the conscquent reguirement of near-coniplete crasure during une reading 
sweep. It was evident that it would be desirable to read at high beam currents and to write 

awmte nt 


at a somewhat lower level ty make the single copy or the compiots crasure practical. 
This made necessary the development of a variabie-discharpe-factur unit. 


A schpiatic diagram for this unit may be found in Fig. 18. Here may be seca the use 
of the -{T+R) pulse group and its clamping by dual dicdes. The pulse driver has in tts . 
grid circuit a crystal gate (or +T pulse squaring and in its cathode cireult the cuntray 
which adjusts fhe amount of T pulse clamping. This output driver {5 a phase-inverter 
Jow-impedance driver which furnishes the pulse traia in both polarities, The term 
“tG{T+R},” G tor pated, hus bern selected to differentiate this outpul from the 2{T4R} 
pulses available in the system. By varying the aniplitude of the +T pulse at the clamping 
diode, the T portion of the 2G(T+4+R) pulse group is made variable in amplitude. This, then. 
is the control of writing level at the storage fube. Input pulses tu the anit and final-out put 
waveforms are shown in Fig. 19, It may alse be noted that it is fully practical to substitute 
a ?R pulse for the clamping palxe and thereby make variable the reading-beam current, 
This would allow multiple copres to be read from the storage surface. 


It may be interesting to reiterate the pulse sequence as used at Unc Storage unit, * new 
that a further insight has becn established inte the units generating seme of the pulses ascd. 
Figure 20 shows an expanded view of the signals and pulses. 


CONCLUDING REMARKS 


The importance of sweep retraceability cannot be overrmphesized, For proper upera- 
tion of the sturage system, the readimg sweep had to retrace exartly Uhe writing sweep, 
otherwise errors in phase and frequency of the readout would ovcur, as well as luss of 
amplitude, This required very closy hulding of linearity in the triangular sweep, froni 
Sweep to sweep, and good uniformity in the step length and spucing as well ag very close 
holding of the position of the sweeps. The type of five-line sweep selected for use im the 
sturage system war Chusen to provide additional sfarage elements along the dropdown 
wwtween steps, This type swecp fas provided excrHent results in supplying a Clean phase- 
shift-free signal after storage. The presentation uf this sweep up its monitor oseiliuscape 
has proved valuable for sweep alignment between write and read and fur detecting ocva- 
siunal nialfunctions in the units. 


Output from the storage system is also monitored un an uscilluscope, Yo make full 
use of this unit, 2 linear sawlouth waveform for the horizuntal swerp was required. 
Linearity requirements here were also moderately stringent in order not to distort the 
readaut- signal display. The oscilluscope was tu be used in checking sturage-tube overload, 
focus, sweep pesitioning on the target, setting of the discharge factor, and for measure- 
ment of the phase shift across the rf burst and the transoiittir frequency by intensity- 
marker comparison. 


The imensity-marker comparison was made between a standard 406-ke reference 
signal from thy syste: wmasier crystai and the 400-ke signal from the transmittvr-monilor 
receiver. Intensity markers were designed into a cOmmon unil with an unblanking pulse 


*Ibsd. 
CONFIDENTIAL 


CONFIDENTIAL 


CONFIDENTIAL 


NAVAL RESEARCH LABORATORY 


13 


14 NAVAL RESEARCH LABOPATORY 


*-= - 7 
; é 
» 2. uk 
apt 3 
f° iF 
= 
cm ere. 
rN cya! eiTeRI NWOT 
ooh eae . Teen’ i ae ~ ting 
ree: eee TN 6216 7 ac: 
ar) rd Se Mp. ‘ D+ 26-6 ome [7 : aw: 
~~ a” a > - --de— . -- e 
; a5 t i 
are SaaoF rf * 7 ; 1Cyat 4GiTeRISUTPLT 
sues a: ‘e & UR 150 a0K +-< ah -~ oe c ; 
OO 5 "ON: Pca Ae 
“R 7 Cd? So = 70 
ae 
! aie ¥ ve 
eles =28y + 
“4; : Boyt 5K ¥ 
oe ro w +7 70¥ 
. 4 270 
6C.é } 
; 4 
i T 
ae T= 1 yl 
-} 2. a 2 
oy tat 3 6 
5 chy <* rs 
: + 
i ae + ¢ * = t-28v 
‘MPLT = -- Sy C bal 
Se oe woe 
Bug. in - DiswKarge-factor comtrol cnt, scheniati. sta, rac: 
1 
Boy 
id r, 
moet oa. Se 
- x 
Foy. 19 - Discharge-factor contre: 
wat, waveforin photugraph 
CONFIDENTIAL 
Lf, pe ar = aa oe ee (ee 


CONFIDENTIAL 


AL 


CONFIDENTIAL NAVAL RESEARCH LABORATORY 15 


* ao, 
aA os 
-At , 
t ‘ow 
« 
t a he 


Fix. 26 - Readivchbhor arirat eatati ercat gai! 


wae OTE. perestt -*. "aA 


gone rator to be used fo unblaink the sipmiai-monitear asciligseap. diring Che roading anferved. 
This omit has proved +: ry sacce ssful and usefulom evaicuting and using Une Masic svete ri. 


The discharge -fictor Cortro) umt also has beer a Valuable aedjunet te: te storige part 
Gf Procect Music. Htowas desipia dite be sufffeientty exible te aliow Varsalde waritiue- be wa. 
piiomsaities with fixed readang-beani sotensity as well as the pessiebe ase id Uhre verse -l 
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ato wath the addatienal) Qlhexabrbty of mullicops readeut for clher prtenborh o ses. 


ACKNOWLEDGMENT 


Thre aethors wish to achrowle dge the Relp ol Mr. Jame~ H. Vecek rl withioct whemse 
to.oellont Work wad sense ah urpenesy att Ghe early stages of design deve hapmert, and 


constriction of the Misa reader the projyoot weald have fon preathy detaved, 


CONFIDENTIAL 


<i agiiogg i UM mr ween sete mre y+ 


FOR | 
MICRO-CARD | 
CONTROL ONLY 3} 


Reproduced by aes 


flied Services Technical Information Agency 


ARLINGTON HALL STATION; ARLINGTON 12 VIRGINIA 


7 UNITED STATES GOVERNMENT 
5300-31 d 
___ 29 June 1998 memoranaum 
RET Code 5300 
euscct: REQUEST TO DECLASSIFY NRL REPORTS 


ro: Code 1221.1 (C. Rogers) 


1. It is requested that the NRL Reports listed below be declassified. The 
information contained in these reports has become public knowledge in the many 
years since first classified. 


Declassified, public release. 


3706 4371. c--§ oe 5338 .- 4 ° 
RD-CGsYY¥40 Ap-Osert7 2 Ad-F2HNIe 4540 
— AD-3MNS — BD- FACIES 
wa az. ‘ as Pei od 4 5403 ie 5570 ee 
62 ” “ZO4EY7 7 D- f20953~ 
‘om. ye 5444 
| Ab-i 754 
| 4284, «= 4878 $197 ey 5536 
AD aslece AD-(2>384” ADI02R4S9Y AD-f93fes Vv 


Declassify, DoD and DoD contractors only. 
4500 5511 |p 
io wn 

; be, tee 

g p A pe 
G.V. TRUNK 


Superintendent 
Radar Division 


OP TIONAL FORM NO, 18 
(REV. 1-85) 

GEA FPMA (4j CPR) 505-11.6 
BO10-114 


rr Ee 
————————_ ____- 


